Abstract
Background
Indigenous peoples are among the poorest, least educated and least healthy of Canadians (Kolahdooz et al. 2015; CCPA 2010; Adelson 2005; RCAP 1996) . Improving the health of Indigenous Canadians is a critical but complex challenge (Stephens et al. 2005) .
Internationally, evidence suggests an association between health disparities and social determinants of health (WHO 2011; Marmot and Wilkinson 2005) . Income inequality has been well-documented as a determinant of poor health (Coburn 2004; Lynch et al. 2004a, b; Ross et al. 2000; Kosteniuk and Dickinson 2003; Wilkinson 1996; Kawachi et al. 1997) . Increasing income will reduce barriers to accessing resources, including adequate food and health care for the most disadvantaged, yet may not be sufficient in reducing health inequalities (House and Williams 2003) .
Income disparities are a product of national and regional background and historical factors (Lynch 2003) . Every nation has its own social, political and economic history that contributes to its inequalities in both income and health, with organizational and political structure, and social positioning within that structure, being potential causal pathways to health status (Ross et al. 2006) .
Health outcomes are tied to social positioning, so that those in the lowest categories of income, when comparing states or countries, are less healthy than those in the next lowest category, and so on up to the highest income categories (Ross et al. 2006 ). In the United States (US), it has been shown that this is case for both within and between White and African American populations. Within each income category, Whites have better health than African American people, yet the socioeconomic status (SES) difference within each racial group is larger than the differences among groups (House and Williams 2003) . Importantly, when SES is controlled in statistical models, an independent effect of race has been observed, so that at every income level, African-American populations have lower levels than Whites for life expectancy, and infant mortality (House and Williams 2003) . Kawachi et al. (2005) argue that historical, political and ideological barriers in the US have hindered analyses of race and class as co-determinants of health, and that race is not merely a proxy for socioeconomic determinants.
Previously, we reported disparities in injury risk between Aboriginal and total British Columbia (BC) populations for all injuries, and that time trends indicated a narrowing gap for all injuries combined Jin et al. 2015a) , including among children and youth under age 25 . By category of injury, the gap risk has narrowed for unintentional falls but not for iatrogenic injuries (medical/ surgical mishaps) . Within the Aboriginal populations in BC, results indicated that living in remote areas and not having completed high school were associated with increased risk of injury and that risk varied according to economic conditions for workplace injuries ).
In the current study, we investigate socioeconomic, geographic, and cultural factors, as well as combinations of these factors that contribute to increased risk of injury for Aboriginal peoples, compared to the general population.
Methods
The University of British Columbia Behavioural Research Ethics Board reviewed and approved our methods 
Population counts
For purposes of calculating denominator populations for injury hospitalization rates, we used the registration and premium billing files (British Columbia Ministry of Health. MSP 2012) of the Medical Services Plan of BC (MSP, the province's universal health care insurance program) as a population registry, counting the total resident population of BC at the mid-points of fiscal years 1998-1999 through 2008-2009 . Within this population, we defined as "Aboriginal" any person with: (a) membership in MSP Premium Group 21 (indicating insurance premiums paid by First Nations and Inuit Health Program, Health Canada, for reason of Indian status, as defined by the Indian Act of Canada), or (b) one or both parents with Indian status or resident on an Indian Reserve, as indicated on the linked Vital Statistics birth record (British Columbia Vital Statistics Agency. Births 2011a), or (c) Indian status or resident of an Indian Reserve, as indicated on the linked Vital Statistics death record (British Columbia Vital Statistics Agency. Deaths 2011b). We previously described this method, and discussed the quality of the population registry, and validity and limitations of the Aboriginal identification Jin et al. 2015a) .
Within the population registry, we classified as "onreserve" those Aboriginal people residing in a postal code area associated with an Indian reserve or settlement recognized by Statistics Canada and the federal Department of Aboriginal Affairs and Northern Development. We classified all other Aboriginal people as "off-reserve".
There are sixteen Health Service Delivery Areas (HSDAs) in BC. We tabulated population counts by calendar year (three quarters of the starting fiscal year plus one quarter of the ending fiscal year), gender, 5-year age group, Aboriginal status, community, reserve residence, and HSDA.
Hospitalization counts
We tabulated counts of hospital separations (Canadian Institute for Health Information 2012) among residents of BC, occurring from January 1, 1999 through December 31, 2008. We considered a hospitalization as "due to injury" if the level of care was "acute" or "rehabilitation", and the Most Responsible Diagnosis on the discharge record was an International Classification of Diseases Revision 9 ("ICD-9") numeric code in the range 800 through 999, or an International Classification of Diseases Revision 10 ("ICD-10") code in the range S00 through T98.
Linking individual hospitalization records to the population registry, we tabulated counts of hospitalizations due to injury by calendar year, gender, 5-year age group, Aboriginal status, reserve residence, and HSDA.
Risk of hospitalization
As in previously reported analyses Jin et al. 2014 Jin et al. , 2015a George et al. 2015a, b) , we calculated standardized relative risk (SRR) of hospitalization relative to the risk of hospitalization in the reference population (the total population of BC) using the method of indirect standardization (Kahn and Sempos 1989) , standardizing by gender and 5-year age group. The SRR is analogous to the Standardized Mortality Ratio (if death is the event counted), and could also be called the Standardized Incidence Ratio.
Predictors of risk
We studied risk markers for hospitalization due to injury, using an ecological approach, where the unit of observation was the HSDA (n = 16) subdivided into three population groups (total population, Aboriginal off-reserve, and Aboriginal on-reserve) and two time periods (1999-2003, and 2004-2008) . Two of the 16 HSDAs contained no Indian reserves, so the total number of observation units was 92 [14 HSDAs × 3 populations plus 2 time periods × 2(×2)]. The total population includes the two Aboriginal subpopulations, but we corrected the effect by including the proportion of the population who are Aboriginal as an independent variable in the multivariable analysis (see below). As hypothesized risk markers, we selected socio-economic, housing, and geographic indicators previously developed by Statistics Canada and Aboriginal Affairs and Northern Development Canada. We previously published definitions and reasons for selection of the markers Jin et al. 2014 Jin et al. , 2015a George et al. 2015a, b) .
From the 2001 and the 2006 long form Censuses of Canada, we measured the following hypothesized socioeconomic markers of injury risk, for each HSDA subpopulation: (1) Total (annual) Income per capita, (2) Community Well-Being Income Score (i.e., total annual income per capita, logarithmically scaled) (Penney et al. 2012) , (3) proportion of population, age 25+ years with at least a high school completion certificate, (4) proportion of population, age 25+ years with university degree, bachelors or higher, (5) average population per room (an index of the degree of crowding in the population's housing), (6) proportion of the population living in a dwelling in need of major repair, (7) proportion of population, age 25+ years, in the labour force, (8) proportion of population, age 25+ years, employed (for pay), (9) proportion of population who identified themselves as "an Aboriginal person, that is, North American Indian, Métis or Inuit (Eskimo)", (10) proportion of population who gave only one response to the ethnic origin question, and it was a group that could be classified as North American Indian, (11) proportion of the HSDA's population classified as "urban" (residing in a population centre with 100,000 or more persons), and (12) proportion of the HSDA's population classified as "rural" (residing in a population centre with fewer than 1000 persons, or in an area with population density <400 persons per km 2 ). We obtained the housing indicators (5 and 6 above) by requesting a custom tabulation that linked dwellings to individuals in a relational database, with the universe of individuals as the index file, and the universe of dwellings as the keyed look-up table. Each dwelling is represented in the population statistics as many times as it has occupants. The housing indicators are weighted by population, not by number of dwellings, thus these indicators represent the living conditions of the population.
We calculated the following work-related statistics of injury risk, relative to the population of BC: (13) relative risk of work injury compensation claim, expected from occupational categories, and (14) relative risk of work injury compensation claim, expected from industry categories. We defined these two markers as in a previous report focused on worker compensation injuries. These two markers summarize the hazardousness of the distribution of the labour force among occupational and industrial categories. We also created four interaction variables, calculated as each of the employmentrelated risk markers (13 and 14 above) multiplied by the proportion of the population who were employed, and by the proportion who were in the labour force.
Ecological analysis
For each HSDA sub-population, we calculated the age and gender standardized SRR of hospitalization due to injury during the period We tested hypotheses of association by performing least-squares linear regressions. We tested census year, hypothesized socio-economic, work-related and geographic markers, in turn as the single independent variable. Variables that had statistically significant association (p < 0.05) with SRR of worker compensation injury in univariate analysis were included in subsequent multivariable regression analysis. Beginning with the variable most strongly correlated with SRR (largest coefficient of determination R 2 in the univariate analysis), but excluding the Aboriginal identity and North American Indian ethnic origin variables), we used stepwise forwards addition of variables to arrive at the best-fitting multivariable model. At each step, the variable with the largest p value >0.05 was eliminated. Addition and elimination stopped when all independent variables had regression coefficients significantly different from zero (p < 0.05) and the list of candidate variables was exhausted. At that point we introduced the ethnicity variables, and determined the best-fitting model that also included ethnicity. In the final model, we tested the normality of the distribution of the standardized residuals by the Kolmogorov-Smirnov and Shapiro-Wilk statistics, and we verified homoscedasticity by scatter-plotting the standardized residuals against the regression-predicted values of SRR.
The regression coefficient ("B") of each independent variable represents the change in the dependent variable SRR that is associated with a unit change in the independent variable. The absolute change in SRR associated with a change of one standard deviation (SD) in the independent variable is calculated as B × SD. Repeating the calculation with the lower and upper 95 % confidence limits of B gives the confidence limits of the change in SRR.
Given that the regression was weighted by population, and the Aboriginal off-reserve and Aboriginal on-reserve population units were much smaller than the total populations of HSDAs, it was necessary to verify that the step-wise regression procedure had indeed produced a model representative of the experience of the Aboriginal populations. This was done by using the final regression model as a risk prediction calculator, then comparing the predicted disparities of injury SRR among the three population groups (total population, Aboriginal off-reserve, and Aboriginal on-reserve) to the observed disparities among the three groups (with all HSDAs combined). Table 1 provides descriptive data for each variable, by two time periods, for the three populations: total BC, Aboriginal living off-reserve, and Aboriginal living onreserve. In both time periods (1999-2003 and 2004-2008 ) the total population's SRR of injury is one, because SRR is relative to the total population of BC during the same period. This removes the effect of the secular trend of declining injury risk in BC Jin et al. 2015a) .
Results
By 2006, 4.8 % of the 4.1 million total BC population identified as being Aboriginal, with 3.6 % living offreserve and 1.2 % living on-reserve. Per capita income and education achievement were both higher for the total BC population than for the Aboriginal population, and within the latter, for those living off-reserve compared to living on-reserve. Housing conditions were less favourable for Aboriginal peoples compared to the total BC population when measured by the proportion of people living in one house and for houses needing major repair.
A higher proportion of the total BC population lived in large urban centres, compared to Aboriginal peoples. Higher proportions of the Aboriginal populations living off-reserve lived in large urban centres than those living on-reserve.
Aboriginal peoples living off-reserve had the highest participation rate in the labour force, followed by the total BC population, and the Aboriginal population living on-reserve. Compared to the total BC population, employment-related injury risk was higher for Aboriginal peoples, measured by proportions of the labour force working in occupations or working in industries with increased risk of compensation claims. Table 2 shows results from linear regression models testing one independent (X) variable as a predictor of injury SRR (the Y variable). As expected, most of the hypothesized predictor variables were statistically significantly associated with injury risk, and were retained for subsequent step-wise multivariable analysis. Table 3 shows the best-fitting regression model with multiple independent (X) variables. The best-fitting model was an excellent fit, explaining 90.5 % of the variance in injury risk among population groups within HSDAs (R 2 = 0.905, p < 0.001). The standardized residuals appeared to be normally distributed (KolmogorovSmirnov statistic 0.075, df = 92, p = 0.200; Shapiro-Wilk statistic 0.990, df = 92, p = 0.699).
The best-fitting model retained the following variables as independent, statistically significant predictors of injury risk: (1) population proportion residing in a house needing major repairs: one standard deviation increase (0.116) was associated with absolute increase of 0.205 in the SRR of injury (p = 0.002); (2) population proportion residing in a rural area: one standard deviation increase (0.153) was associated with absolute increase of 0.146 in the SRR of injury (p < 0.001); (3) hazardousness of the labour force distribution among occupations: one standard deviation increase (0.146) was associated with absolute increase of 0.052 in the SRR of injury (p = 0.016); (4) population proportion self-identifying as Aboriginal: one standard deviation increase (0.447) was associated with absolute increase of 0.523 in the SRR of injury (p < 0.001). Table 4 shows the absolute disparities between the three population groups predicted by the best-fitting multivariable regression model, combining both time periods (1999-2003 and 2004-2008) . The model predicts that the Aboriginal off-reserve population will have SRR of injury 1.40 higher than the total population, and that the Aboriginal on-reserve population will have SRR of injury 1.82 higher than the total population. These predictions are very close to the observed disparities shown in Table 1 The best-fitting regression model is additive (i.e., linear); therefore, Table 4 also allows us to proportionately allocate the increase in SRR, according to the estimated contribution of each independent variable to the total predicted disparity. Among the Aboriginal off-reserve population, 9.5 % of the disparity with the total population (i.e., 0.133/1.396) is attributable to housing condition, 6.0 % (i.e., 0.084/1.396) is attributable to rural residence, 4.6 % (i.e., 0.065/1.396) is attributable to occupational risk, and 79.8 % (i.e., 1.115/1.396) is attributable to Aboriginal ethnicity. Among the Aboriginal offreserve population, 28.2 % of the disparity with the total population (i.e., 0.511/1.817) is attributable to housing condition, 7.8 % is attributable to rural residence, 2.7 % is attributable to occupational risk, and 61.4 % is attributable to Aboriginal ethnicity. (1998-2003 and 2004-2008) † The dependent (Y) variable is the standardized relative risk (SRR) of hospitalization due to injury, and regression is weighted by person-years ‡ Unweighted mean and standard deviation (SD) of the independent (X) variable § B = regression coefficient ¶ SE = standard error of the regression coefficient \\ p = probability that B = 0 ** One SD change in the independent variable is associated with this absolute change in the SRR of injury. E.g., one SD change in Income Per Capita ($6400) is associated with reduction in SRR of 0. Since the off-reserve and on-reserve populations both consist entirely of people who self-identify as Aboriginal, the disparity between the two populations is fully attributable to the combined effects of housing condition, rural residence and occupational risk. The largest portion [90 %, i.e., (0.511-0.133 )/(1.817-1.396)] is attributable to the much worse housing conditions on-reserve.
Discussion, limitations and conclusions
Our ecological analyses examined the contributions of socioeconomic and cultural backgrounds and geography to injury risk. We have previously reported that geography is predictive of injury risk for Aboriginal populations of BC, with those living in major metropolitan areas having lower risk than those living in non-metropolitan areas-either on-reserve or off-reserve . Our current analyses found associations with disparity of injury risk and all three categories; that is, socioeconomic, cultural, and geographic. While the socioeconomic indicators (income, education, housing, employment) have been generally known, and specifically shown in our data, to be highly correlated, only one indicator in this category-housing needs major repair-remained in the final, best-fitting model. Housing condition may be a good summary indicator of socioeconomic conditions. At the simplest level, living in housing that needs major repair may pose physical hazards, and housing condition has been shown to be a mediating factor between poverty and falls, a major category of injury (Hu et al. 2015; Shenassa et al. 2004 ). On the other (1998-2003 and 2004-2008) † The dependent (Y) variable is standardized relative risk (SRR) of hospitalization due to injury, and regression is weighted by person-years ‡ Unweighted mean and standard deviation (SD) of the independent (X) variable § B = regression coefficient ¶ 95 % confidence limit for the Relative Risk Ratio per SD \\ SE = standard error of the regression coefficient ** p = probability that B = 0 † † Relative Risk Ratio per SD = exp(BxSD). One SD change in the independent variable is associated with this absolute change in the SRR of injury ‡ We have previously reported that the risk of workplace injury among the Aboriginal population increases in accordance with employment rates ). In our current analyses, we found occupational risk to be associated with higher risk of injury. Occupational risk may have a direct effect, it may be a proxy for socioeconomic disadvantage, or it may be an indicator of more generalized risk-taking behaviour.
Our data show that: (1) cultural density does not influence risk to Aboriginal peoples, (2) living off-reserve reduces risk by improving socioeconomic and geographic conditions, and (3) ethnicity itself is associated with most of the disadvantage suffered by Aboriginal peoples.
Aboriginal status has been cited as a determinant of health; however, in the literature, researchers frequently describe this as an indirect determinant (Wilkinson and Pickett 2009; Gracey and King 2009; King et al. 2009 ). In their recent systematic review of the literature on social determinants of health, Kolahdooz et al. (2015) found that the health of Aboriginal peoples was disproportionally affected by social determinants of health, although they found limited data on the associations between income, personal and social circumstances and health outcomes. They also found that the literature was sparse regarding the factors contributing to housing status and its impacts on health outcomes. We concur with Kawachi et al. (2005) in their suggestion that strengthening information infrastructure to measure and monitor disparities in class and race will be useful in eliminating health disparities.
Limitations exist with our data and our analyses. The data were obtained from the provincial dataset of hospitalizations, for which data collection may not be precise because of human error and because the data were collected for purposes other than use for this study. As well, observational studies cannot indicate causation. Each of our predictor variables was independently associated with injury risk and each would be correlated with each other. Multiple regression analysis, when finding the most efficient and compact model, eliminates closely correlated variables; therefore, some variables may be eliminated in favour of others which could be functionally important to understanding causation for the research questions under study.
Our analyses show that socioeconomic disadvantages, rural place of residence, and Aboriginal ethnicity itself independently contribute to increased injury risk. We can only speculate about the pathways, and whether they are direct or indirect. The reduction in disparity of injury is encouraging.
